31
Diet and lifestyle are recognized as key elements in the prevention (2) and treatment of 32 MetS (3) . In recent years a growing body of evidence has shown that the consumption 33 of dairy products may have beneficial effects on risk factors defining the MetS,
34
including atherogenic dyslipidemia (4), hyperglycemia (5) , insulin resistance (6) or T2D 35 (7) (8) (9) , blood pressure (10) and abdominal obesity (11) .
36
In epidemiological studies, the association between the total consumption of dairy 37 products and the risk of MetS has been controversial. Some cross-sectional (4, (12) (13) (14) (15) 38 and prospective studies (5, 16, 17) have shown an inverse association while others (18, 39 19, 20) have shown no association. Results by sex have also been inconsistent 40 (18, 19) .
41
Although most studies suggest that total dairy consumption could provide protection 
46
reported an inverse association (15, 19) that was not found when data were analyzed 47 prospectively (5) . For example, in the case of cheese consumption, cross-sectional 48 studies showed a positive association with MetS prevalence (19) , whereas prospective 49 studies showed a negative one (5, 17) . Pereira and coworkers (5) showed an inverse 50 association with total consumption of dairy products regardless of their fat content,
51
whereas Louie and coworkers found this inverse association only for whole-fat dairy 52 products (20) .
53
To the best of our knowledge, of the four prospective studies published to date on the 54 relationship between dairy product consumption and MetS incidence, three were 55 conducted in healthy adult populations (5, 17, 20) and only one in older individuals (21) , 56 in whom MetS is more prevalent and potentially has more repercussions on health 57 (22) . In addition, only one study explored the associations for different dairy subtype 58 products (5) . Therefore, the aim of the present study was to examine the relationship 59 between the consumption of dairy products (whole or low-fat options) and risk of MetS 60 in an older Mediterranean population in the frame of the PREDIMED study.
62

METHODS
63
Study design and participants
64
The present study was conducted within the framework of the Prevención con DIeta
65
MEDiterránea (PREDIMED) trial, the design of which has been described in detail 66 elsewhere (23, 24) . The PREDIMED study is a large, parallel-group, multicenter, 
78
were randomized to three intervention groups (two of which were advised to follow a
79
MedDiet supplemented with either 1 liter per week of EVOO or 30 g/day of mixed nuts,
80
and were compared to the third group which was advised to follow a control low-fat 
84
In the present report, the data were analyzed assuming the design of an observational 85 prospective cohort whose members were selected from all the PREDIMED recruiting 86 centers with biochemical determinations available for a follow-up of at least two years 87 (n=5801). Since our aim was to explore the associations between the consumption of 88 dairy foods and incident MetS, we excluded participants who had diagnoses of MetS
89
(63.9%) at baseline (n=3707). We also excluded participants who had not completed 
100
Outcome
101
The primary endpoint of the PREDIMED trial was a combination of several major 
105
MetS was defined in accordance with the updated harmonized criteria of the
106
International Diabetes Federation and the American Heart Association/National Heart,
107
Lung and Blood Institute (1) . Individuals were diagnosed with MetS if they had three or 
117
At baseline and yearly during follow-up, dietary intake was quantified by trained 118 dietitians with a face-to-face delivered a 137-item semi-quantitative food-frequency 119 questionnaire (FFQ) validated for the PREDIMED study (27) . In the validation study, 
139
included semi-skim/skim milk and skim yogurt, whole-fat dairy foods (whole milk and 140 whole yogurt), and total dairy foods, including all of the above. Consumption of dairy 141 products was also categorized by subtype: milk (including total, low-fat and whole-fat 142 milk), yogurt (including total, low-fat and whole-fat yogurt), and cheese. Energy and 143 nutrient intake and food groups were calculated from Spanish food composition tables 144 (28, 29) . We adjusted dairy consumption for total energy intake using the nutrient 145 residual method (30) . 
155
The Netherlands).
156
Blood samples were collected after an overnight fast, coded, shipped to a central 
168
(ABX-Horiba). One center was unable to provide samples for the concordance study.
169
The analysis of concordance of lipid measurements showed a coefficient of 
196
assumption of proportional hazards was tested using time-dependent covariates.
197
The time variable was the interval between randomization and the date of the last follow- 
201
Three different Cox regression models were adjusted for potential confounding factors. 
210
(yes/no), hypertension (yes/no) and high fasting plasma glucose (yes/no).
211
Statistical interaction between tertiles of total dairy consumption and its different 212 subtypes, and potential effect modifying variables, such as sex and intervention group,
213
was assessed by including product-terms in the models. 
233
The median consumption during the follow-up of total dairy products in the whole study 237 Table 1 shows the general characteristics of the study participants according to their 238 mean consumption categories of total dairy products (tertiles) during the follow-up.
239
Compared to those in the lowest tertile, participants in the top tertile were more likely to 240 be older women and less likely to smoke, be physically active, and have lower serum
241
concentrations of triglycerides and higher concentrations of HDL-cholesterol.
242
Participants in the highest tertile of dairy consumption also had lower total energy 243 intake and consumed less red meat, fish, cereals, nuts, olive oil and alcohol.
245
Consumption of total dairy products and incidence of metabolic syndrome 246 
310
Likewise, increased consumption of whole yogurt was also inversely associated with all
311
MetS components, while consumption of low-fat yogurt related inversely to high 312 triglycerides, low HDL-cholesterol, and elevated fasting glucose.
313
Our results are in line with those of other prospective studies showing an inverse 314 association between total dairy product consumption and MetS (5, 16, 17) . The results
315
of other cross-sectional (19, 34) and prospective studies (20, 21) , however, are not fully 316 consistent. These mixed results can be partially explained by the heterogeneity of dairy 317 products included in the total dairy category. Further reasons for discordant results
318
could relate the design of the studies as, unlike the present study, most prior studies
319
did not use repeated measurements of consumption, and to inherent differences in the 320 characteristics of the population studied.
321
Our results for the type of product and fat content are discordant with those reported by 322 the prospective CARDIA study (5) 
333
In support of our findings, the protective role of yogurt consumption on MetS has been 334 noted previously in cross-sectional studies (15, 19) , but the prospective CARDIA study 335 (5) found no association between yogurt consumption and MetS development.
336
Numerous biological mechanisms may mediate the relationship between dairy 337 consumption and risk of MetS.
338
Dairy products are an important source of calcium. Calcium in milk products interacts 
343
Intervention studies have also shown that calcium intake decreases blood pressure 344 (37, 38) , and that milk-derived bioactive peptides have antihypertensive properties (39 
368
explained by the fact that it is rich in sodium, has a higher energy density than other dairy 369 products and higher phosphorus content compared with other dairy products (19) .
370
In elderly individuals, MetS is an important health problem with potentially more
371
repercussions on health than in other population groups (22 Tertile cut-offs are based on energy-adjusted mean of total dairy consumption during the follow-up. 3 P value for differences between tertiles were calculated by chi-square or ANOVA tests for categorical and for continuous variables, respectively. 4 All dietary variables were adjusted for energy. Tertile cut-offs are based on energy-adjusted mean total dairy, low-fat or whole-fat dairy consumption during the follow-up. The MetS components were defined using updated harmonizing criteria.
2
Tertile cut-offs are based on energy-adjusted mean dairy product consumption during the follow-up. /d) during the follow-up. All models were stratified by recruitment center. 2 The MetS components (abdominal obesity, hypertriglyceridemia, low HDL-cholesterol, high blood pressure and high fasting plasma glucose) were defined according to updated harmonizing criteria. 3 Tertile cut-offs are based on mean energy-adjusted dairy product consumption during the follow-up. 
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